Received October 7, 2010 . Accepted April 6, 2011 . Available online April 25, 2011 . Published June 13, 2011. Accumulating evidence shows that overactivity of the sympathetic nervous system and renin-angiotensin system (RAS) plays a crucial role in the development and maintenance of hypertension (1) . The main cardiovascular feature of hypertension is high blood pressure (BP) and impaired baroreflex function. Cardiac hypertrophy is an important process of adaptation to an increased workload in response to a physiological (exercise training) or pathological (hypertension) stimulus.
The compensatory hemodynamic overload response results in increased cardiac mass, presenting as ventricular hypertrophy. The parallel addition of sarcomeres causes an increase in myocyte width, which in turn increases the thickness of the wall. This remodeling results in concentric hypertrophy, which occurs in hypertensive states and in exercise training that requires isometric skeletal muscle contraction (2, 3) . Isotonic exercise engenders myocyte lengthening through replication of sarcomeres in series, and an increase in ventricular volume, resulting in eccentric hypertrophy (3, 4) .
It is now well accepted that exercise training produces beneficial effects on the cardiovascular system in hypertensive conditions through central and peripheral neurohumoral modulations. The cardiovascular adjustments in response to exercise training occur in order to maintain proper BP and to efficiently adjust the blood supply to different vascular beds according to regional metabolic demands. The effects of exercise training include reductions in sympathetic outflow, vascular resistance, and plasma angiotensin (Ang) II levels; an improvement in the sensitivity of the baroreflex control of the heart rate (HR), and cardiac remodeling. These effects occur with a simultaneous increase in stroke volume and decreases in HR and BP in chronic heart failure (CHF) (5) in spontaneously hypertensive rats (SHR) (6) (7) (8) and in renovascular hypertension two-kidney one-clip (2K1C) rats (9, 10) .
In spite of the consistent findings regarding the beneficial cardiovascular effects induced by exercise training, adaptations to exercise depend on factors such as training load, duration, and frequency of exercise training (6, 11, 12) . Moderately intensive exercise training is recognized as having more beneficial effects on the cardiovascular system than higher-intensity exercise training in animals and humans with hypertension (6, (13) (14) (15) .
In a previous study (10) , we showed that low-intensity exercise training is effective in lowering BP and restoring the sensitivity of the baroreflex bradycardia in 2K1C hypertensive rats. The renovascular hypertensive 2K1C rat is characterized by high levels of tissue and circulating RAS components, and by a high level of sympathetic nerve discharge (16, 17) . The present study compared the effect induced by exercise training (Ex) on renovascular hypertensive rats, either without (Ex 0%) or with a workload corresponding to 3% of the animal's body weight (Ex 3%), on BP, HR, sensitivity of the baroreflex bradycardia, renal morphometric structures, and cardiac remodeling.
Material and Methods

Animals
The experiments were performed on male Fisher rats (N = 85; Escola de Nutrição, Universidade Federal de Ouro Preto, Brazil). All animal procedures were carried out according to the Guidelines for Ethical Care of Experimental Animals, and were approved by the Institutional Ethics Committee of Universidade Federal de Ouro Preto, Ouro Preto, MG, Brazil.
Production of renovascular hypertension
Renovascular hypertension was induced as described previously (10) . Rats (150-200 g) were anesthetized with a mixture of ketamine and xylazine (50 and 10 mg/kg, ip, respectively) (Syntec, Brazil) and a silver clip (0.20 mm ID) was placed around the left renal artery through a midline incision (Goldblatt renovascular hypertension, 2K1C). Other rats were subjected to similar procedures but without placement of the renal artery clip (Sham group or normotensive rats). The 2K1C and Sham rats were divided into three experimental groups: sedentary (Sed), exercise training without (Ex 0%) or with a workload (Ex 3%). The training protocol was started 4 days after surgery.
Exercise training protocol
The rats were subjected to swimming Ex 0% or Ex 3% for 5 weeks, 1 h/day, 5 days/week. The Ex 0% protocol was performed according to a previously described method (10, 18) . The Ex 3% protocol was adapted from Galdino and Mello (19) . The load was obtained by a screw-nut or washer fixed on the tail of each animal, from the 6th session of exercises on. For adaptive purposes, from the 6th to the 8th session of swimming, the load used was 2% of body weight. From the 9th session on, the load used was 3% of the animal's body weight. The exercise was performed by groups of 4 rats in a 38 x 60 x 50-cm tank. Water temperature was maintained at approximately 30°C, controlled by a thermostat. Sedentary rats were placed in the swimming apparatus with shallow water for 40 min, 5 days/week to mimic the water stress associated with the experimental protocol.
Arterial pressure measurements
Mean arterial pressure (MAP) was determined in conscious rats, 1 day a week for five weeks, by the tail-cuff method in order to monitor the development of renovascular hypertension and the effect of exercise training on BP. At the end of the 5th week, 48 h after the end of the Ex and Sed protocols, the rats were anesthetized with urethane, 1.2 g/kg body weight (Sigma, USA), for direct cardiovascular evaluation (10, 20) . Pulsatile arterial pressure was monitored with a Gould pressure transducer (PM-1000, CWE, USA) coupled to a BP signal amplifier (UIM100A, Powerlab System, AD Instruments, USA). MAP and HR were determined by the arterial pressure waves. All variables were recorded and saved in a PowerLab digital acquisition system (Powerlab 4/20, AD Instruments) with an 800-Hz sampling rate.
Evaluation of baroreflex sensitivity
Baroreflex control of HR was determined by recording reflex HR changes in response to transient increases in MAP produced by repeated bolus injections of graded doses of phenylephrine (0.25 to 5 µg, iv; Sigma) in urethane-anesthetized rats (1.2 g/kg body weight) as previously described by Alzamora et al. (20) and Rodrigues et al. (10) .
Analysis of cardiac and renal structures
For the morphometric analyses, hearts and kidneys were collected and fixed in 10% neutral-buffered formalin solution. Next, the hearts and kidneys were dehydrated, cleared, and embedded in paraffin. The paraffin block was cut into 4-5-μm thick sections, and adjacent sections were stained with hematoxylin/eosin for evaluation of general myocardial and renal damage, or by Masson's trichrome for quantification of collagen tissue deposition. All morphometric measurements were made in tissue sections under a light microscope (Leica DM5000) and analyzed with the Leica (24) . Two groups of rats were used: one group (N = 4-8) was used to evaluate the dry weight of kidneys and heart, and the other (N = 4) for the morphometric analyses.
Lactate measurement
Lactate production. In order to evaluate the effect of exercise training on blood lactate production in 2K1C (N = 4) or Sham (N = 4) Sed, Ex 0%, and Ex 3% rats, a single swimming session with a load of 3% of body weight was performed for 30 min, 48 h after the last session of the exercise program. Immediately after this swimming session, a blood sample (25 µL) was collected by cutting the tip of the tail for lactate determination. The lactate concentrations were determined with a lactate analyzer (Accutrend ® Lactate, Roche, Germany) according to manufacturer instructions.
Statistical analysis
Data are reported as means ± SEM. Comparisons among different groups were performed by one-way ANOVA followed by the Newman-Keuls test, using the Graphpad Prism software (version 4.00). The criterion for statistical significance was set at P < 0.05. Figure 1 shows the MAP levels of Sham and 2K1C Sed rats and rats subjected to Ex during the 5 weeks after surgery. The 2K1C (Sed, Ex 0% and Ex 3%) animals showed higher levels of tail MAP compared to the Sham Sed group, from the second experimental week (2-5 weeks) after surgery. However, Ex 0% and Ex 3% attenuated the increase in MAP in 2K1C rats, beginning at the fourth week. MAP did not differ significantly between the Sham Ex groups (0 and 3%) and Sham Sed rats (data not shown).
Results
MAP and HR measurements
After 5 weeks, the rats were anesthetized for evaluation of the cardiovascular parameters. The baseline MAP of 2K1C Sed rats (130 ± 5 mmHg, N = 11) was significantly higher than the baseline MAP of Sham Sed rats (99 ± 4 mmHg, N = 10). The MAPs of 2K1C Ex 0% rats (119 ± 5 mmHg, N = 6) or 2K1C Ex 3% rats (118 ± 5 mmHg, N = 11) did not differ from the MAP of Sham Sed rats ( Figure  2A ). Baseline MAP did not differ significantly between the Sham trained group (98 ± 2 mmHg, N = 6, Ex 0% and 99 ± 4 mmHg, N = 9, Ex 3%) and Sham Sed rats ( Figure 2A ).
The baseline values of HR were significantly higher in the 2K1C Sed group (439 ± 9 bpm, N = 11) than in Sham Sed rats (371 ± 11 bpm, N = 10). However, the baseline values of HR in 2K1C Ex 0% rats (383 ± 13 bpm, N = 6) and in the 2K1C Ex 3% rats (390 ± 14 bpm, N = 11) were significantly lower than in 2K1C Sed rats, and were similar to that of Sham Sed rats ( Figure 2B ). The baseline values of HR of the Sham Ex 0% rats (363 ± 13 bpm, N = 6) and Sham Ex 3% rats (369 ± 13 bpm, N = 9) were similar to that of the Sham Sed rats ( Figure 2B ).
Evaluation of the sensitivity of baroreflex bradycardia
As expected, the reflex bradycardia of 2K1C Sed rats (0.09 ± 0.03 ms/mmHg, N = 11, Figure 2C ) was significantly lower than that of Sham Sed rats (0.37 ± 0.05 ms/mmHg, N = 10). There was no significant difference in baroreflex bradycardia between the sedentary and trained Sham groups (0.30 ± 0.03 ms/mmHg, N = 6, in Sham Ex 0% group and 0.31 ± 0.03 ms/mmHg, N = 9, in Sham Ex 3% group; Figure 2C ). Conversely, 2K1C rats subjected to Ex 0% showed a significant increase in baroreflex bradycardia (0.26 ± 0.06 ms/mmHg, N = 6) compared to 2K1C Sed, which was similar to the value of Sham Sed rats ( Figure  2C ). However, in 2K1C animals subjected to Ex 3%, there was no change in attenuated baroreflex bradycardia (0.08 ± 0.02 ms/mmHg, N = 11; Figure 2C ). Tail-cuff mean arterial pressure (MAP, mmHg) of Sham (N = 6) and 2K1C (N = 6-12) sedentary (Sed) rats, and rats subjected to exercise training (Ex) without (Ex 0%) or with a workload corresponding to 3% of the animal's body weight (Ex 3%). *P < 0.05 compared to Sham Sed and # P < 0.05 compared to 2K1C Sed (ANOVA followed by the Newman-Keuls test).
www.bjournal.com.br Braz J Med Biol Res 44(6) 2011
Analysis of cardiac structure
As shown in Table 1 , the heart weight and left ventricle weight were higher in 2K1C Sed than in Sham Sed animals. Accordingly, the cardiomyocyte diameters of 2K1C Sed rats were significantly increased compared to those of Sham Sed rats. However, no changes were observed in the number of myocardial cells (tissue inflammatory process) or tissue collagen deposition (Table 1 and Figure 3 ) between 2K1C Sed and Sham Sed rats. Ex 0% induced an increase in cardiomyocyte diameter in Sham and 2K1C rats compared Figure 2 . Baseline values of mean arterial pressure (MAP; panel A), heart rate (panel B) and reflex bradycardia (panel C) of Sham (N = 6-10) and 2K1C (N = 6-11) sedentary (Sed) rats, and rats subjected to exercise training (Ex) without (Ex 0%) or with a workload corresponding to 3% of the animal's body weight (Ex 3%). *P < 0.05 compared to Sham Sed and # P < 0.05 compared to 2K1C Sed (ANOVA followed by the Newman-Keuls test). Table 1 . Morphometric analysis of cardiac changes in sedentary rats (Sed) and rats subjected to exercise training (Ex) without a load (Ex 0%) or with a load corresponding to 3% of the animal's body weight (Ex 3%). to Sham Sed rats. However, no change was observed in the heart weight or left ventricle weight or in the deposition of tissue collagen in either Ex 0% group (Sham and 2K1C) compared to the Sham Sed group (Table 1) . Nevertheless, Ex 3% induced an increase in heart weight or in left ventricle weight in 2K1C rats compared to Sham Sed rats (Table 1) . Interestingly, a reduction in cardiomyocyte diameter was observed in 2K1C rats subjected to Ex 3%. In addition, the number of myocardial cells (predominantly mononuclear cells), which was used as an index of the inflammatory process, was increased in 2K1C rats subjected to Ex 3% compared to 2K1C Sed rats (Table 1 and Figure 3) , while tissue collagen deposition in 2K1C subjected to Ex 3% was larger compared to Sham or 2K1C Sed rats (Table 1 and Figure 3 ). Heart weight and left ventricle weight did not differ among Sham groups (Table 1 ). No differences in right ventricle weight were observed in any of the groups evaluated (Sham or 2K1C) (data not shown).
The Wt/L ratio was higher in 2K1C Sed and 2K1C Ex 3% rats than in Sham Sed rats, suggesting concentric hypertrophy (Table 1) . However, this ratio was lower in 2K1C Ex 3% rats than in 2K1C Sed rats. In addition, the left ventricle Wt/L ratio of 2K1C Ex 0% rats was similar to that of Sham Sed rats. No difference was observed for the left ventricle Wt/L ratio in Sham animals ( Table 1) . No differences in the right ventricle Wt/L ratio were observed for any of the groups evaluated (data not shown).
The cardiac vasculature Wt/L ratio was higher in 2K1C Sed rats than in Sham Sed rats (Table 1) , and was lower in 2K1C Ex 0% rats than in 2K1C Sed rats ( Table 1 ).
Analysis of renal structure
As shown in Table 2 , the left (clipped) kidney of 2K1C Sed and 2K1C Ex 0% rats weighed less than the right (non-clipped) kidney in both groups. However, there was no significant compensatory increase in the non-clipped kidney weight in 2K1C Ex 3% rats compared to the weight of the contralateral left kidney (Table 2) . Moreover, the non-clipped kidney weight of 2K1C Sed animals was higher than the right kidney weight of Sham Sed animals ( Table  2 ). In contrast, the clipped kidney weight of 2K1C (Sed, Ex 0% or Ex 3%) rats was lower than the left kidney weight of Sham Sed rats ( Table 2 ). The left and right kidney weights did not differ among the Sham groups ( Table 2) .
As shown in Table 2 , the left renal vascular Wt/L ratio was higher only in 2K1C Ex 3% rats compared to the left Figure 3 . Photomicrographs of the heart ventricles of Sham and 2K1C sedentary (Sed) rats, and rats subjected to exercise training (Ex) without (Ex 0%) or with a load corresponding to 3% of the animal's body weight (Ex 3%). Normal histological inflammatory picture can be observed in Sed and Ex 0% animals (A, C, E, and G). Observe the increase of inflammatory cells in Ex 3% rats (I and K, arrowheads). No pathological collagen tissue deposition was observed in animals Sed, Ex 0% and Sham Ex 3% (B, D, F, H, and J). Also observe the greater collagen deposition in 2K1C Ex 3% rats (L, arrow). A, C, E, G, I, and K were stained with hematoxylin/eosin. B, D, F, H, J, and L were stained with Masson's trichrome. All photomicrographs are enlarged 440 times (bar = 25 µm). kidney of Sham Sed rats, suggesting concentric hypertrophy in the left renal vasculature in this group. No differences were observed in the Wt/L ratio of the right (non-clipped) kidney in any group (Sham or 2K1C; Table 2 ).
The number of left and right kidney cells in 2K1C Sed rats was higher than in the respective kidneys of Sham Sed rats (Table 2 and Figure 4 ). In addition, in 2K1C (Sed, Ex 0%, and Ex 3%) rats, only the clipped kidney, but not the non-clipped kidney, showed an increase in tissue collagen deposition compared to the left kidney of Sham Sed rats (Table 2 and Figure 4 . Photomicrographs of the left and right kidney of Sham and 2K1C sedentary (Sed) rats, and rats subjected to exercise training (Ex) without (Ex 0%) or with a load corresponding to 3% of the animal's body weight (Ex 3%). No inflammatory process was observed in Sham animals for right and left kidneys (A, B, E, F, I, and J). Also no inflammatory process can be observed in right kidney of 2K1C Ex 0% (H) and both kidneys of 2K1C Ex 3% (K and L). Observe the increase of inflammatory cells in the left and right kidneys of 2K1C Sed (C and D, arrows) and in the left kidney of 2K1C Ex 0% rats (G, arrow). All tissues were stained with hematoxylin/eosin. All photomicrographs are enlarged 440 times (bar = 25 µm). Table 2 . Morphometric analysis of renal changes in sedentary rats (Sed) and rats submitted to exercise training (Ex) without a load (Ex 0%) or with a load corresponding to 3% of the animal's body weight (Ex 3%). Data are reported as means ± SEM. 2K1C = 2-kidney, 1-clip model. *P < 0.05 compared to Sham Sed. # P < 0.05 compared to 2K1C Sed; + P < 0.05 compared to right kidney (ANOVA followed by the Newman-Keuls test).
www.bjournal.com.br Braz J Med Biol Res 44(6) 2011 Figure 5 ). The tissue collagen deposition was greater in the left kidney of 2K1C Ex 3% rats than in the left kidney of 2K1C Sed rats (Table 2 and Figure 5 ). In contrast, Ex 3% reduced the inflammatory process in clipped and non-clipped kidneys of 2K1C rats. The predominant cell type found was mononuclear, similar to that found in the myocardium. However, in 2K1C Ex 0% rats, the inflammatory process was reduced only in nonclipped kidneys (Table 2 and Figure 4 ). No differences in tissue collagen deposition in the left or right kidney were observed among Sham animals ( Table 2 and Figure 5 ).
Measurement of lactate
Lactate production. Figure 6 shows the effect of 5 weeks of swimming on blood lactate concentration in Sham and 2K1C (Sed and Ex) rats. The blood lactate concentration after 30 min of swimming with a load corresponding to 3% of body weight was higher in 2K1C Sed rats (12.7 ± 0.5 mM, N = 4) compared to Sham Sed rats (9.3 ± 0.8 mM, N = 4). However, the blood lactate concentrations of 2K1C Ex 0% (8.9 ± 1.2 mM, N = 4) and 2K1C Ex 3% (7.9 ± 1.3 mM blood lactate, N = 4) were lower than in 2K1C Sed, and were similar to those of Sham Sed rats. No differences in lactate concentrations were observed after 30 min of swimming with a load corresponding to 3% of body weight in Sham rats (10.7 ± 1 mM in Ex 0% group, 8.6 ± 0.5 mM in Ex 3% group, and 9.3 ± 0.8 mM in Sed group; N = 4) ( Figure 6 ). Figure 6 . Effect of workload on 2K1C rat lactate. Blood lactate (mM) was measured after 30 min of swimming with a workload corresponding to 3% of body weight in Sham (N = 4) and 2K1C (N = 4) sedentary (Sed) rats, and rats subjected to exercise training (Ex) without (Ex 0%) or with a workload corresponding to 3% of the animal's body weight (Ex 3%). *P < 0.05 compared to Sham Sed, and # P < 0.05 compared to 2K1C Sed (ANOVA followed by the Newman-Keuls test). 
Discussion
In the present study, we showed that Ex 0% or Ex 3% induced similar attenuation in the level of BP and HR of 2K1C hypertensive rats. However, only Ex 0%, and not 3%, restored the baroreflex bradycardia in 2K1C rats. In addition, Ex 0% also prevented pathological cardiac hypertrophy and increased the diameter of cardiomyocytes in 2K1C rats, whereas Ex 3% reduced concentric cardiac hypertrophy and increased the inflammatory process and collagen deposition in the myocardium of 2K1C rats. Moreover, Ex 3% prevented an increase in the weight of the non-clipped kidney in 2K1C rats and induced increases in the left renal vasculature wall thickness and tissue collagen deposition.
Moderately intense exercise training has been used to induce beneficial effects on the cardiovascular system of animals and humans with hypertension; however, the effects of different intensities of exercise are not entirely understood. The use of different workload intensities is common in swimming protocols for rats. Most studies have used loads between 5 and 8% (15, 25, 26) . However, Gobatto et al. (15) suggested that the use of loads higher than 6% of body weight could lead to undesirable effects related to the intensity of exercise training, such as muscle lesions and incomplete restoration of substrate levels between exercise sessions.
Prada et al. (27) showed that rats subjected to swimming training for 4 weeks with a load calculated as 4.95% of body weight had an exercise intensity equivalent to the anaerobic threshold. Although we were unable to evaluate the exercise intensity in the present study, we believe that Ex 3% training corresponded to an intensity lower than the anaerobic threshold, i.e., it was of low to moderate intensity at least for Sham animals. In previous experiments, 2K1C rats (N = 16) were subjected to swimming training using a load of 5% of their body weight. However, 50% of these animals did not tolerate this load, and died between the second and third week of training (data not shown), suggesting that this exercise intensity was above the anaerobic threshold, in agreement with studies by Prada et al. (27) .
Under normal conditions, during exercise in an VO 2 -steady state (aerobic), most of the lactate produced is removed from the blood (28, 29) . However, there are no reports in the literature about the kinetics of blood lactate in rats with hypertension. Although the present study did not evaluate the anaerobic threshold of the animals (2K1C or Sham), training improved the lactate kinetics in 2K1C hypertensive rats, since blood lactate concentrations in Ex 0% and Ex 3% 2K1C rats, measured after swimming with a load of 3% of body weight, were lower than those found in 2K1C Sed rats and similar to those of Sham Sed rats. Furthermore, our data demonstrated that 2K1C Sed rats showed a rise in blood lactate levels compared to the other groups, suggesting that in hypertension there is impairment in the relationship between the production and removal of lactate during exercise.
Despite these concerns, in the present study Ex 0% and Ex 3% had similar effects in lowering BP and HR in 2K1C hypertensive rats. However, this different workload (Ex 0% or Ex 3%) of exercise training had different effects on the baroreflex bradycardia, on left ventricle remodeling induced by hypertension, and on morphometric changes in the clipped kidney of 2K1C rats.
The data showed that Ex 0% was effective in reducing high BP and HR, and restored the baroreflex bradycardia in 2K1C rats, confirming our previous study using the same model of hypertensive 2K1C rats (10), as well as other studies that showed that low-intensity exercise training can induce important changes in the cardiovascular system in animals and humans with hypertension (6, 7, 14, 30) ; however, the mechanisms underlying this effect are not well understood. Some studies have suggested that the increase in baroreflex sensitivity is induced by the improvement of the vagal component (7, 31, 32) , and others suggest that the sympathetic component of the baroreflex function is attenuated (32, 33) . However, in the present study, in contrast to Ex 0%, which induced an improvement of baroreflex sensitivity, Ex 3% did not change the relatively lower sensitivity of the reflex bradycardia of 2K1C rats. Studies in humans and animals have found increases (5, 30) , decreases (34), or no changes (35) in baroreflex sensitivity after various exercise training protocols. There is no definitive explanation for the different effects of Ex 0% and Ex 3% on the baroreflex of 2K1C rats observed in the present study. It is possible that Ex 3% increased the sympathetic drive in some specific territories so intensively that it overcame the benefits of exercise training (Ex 3%), at least in 2K1C. Data from the present study that reinforce this notion are the lack of an increase in weight of the non-clipped kidney, the increase in the left (clipped) renal vasculature wall thickness, and the greater increase in tissue collagen deposition in the clipped kidney of 2K1C Ex 3% rats compared to the 2K1C Sed rats. Overall, this result suggests that renal sympathetic activity might be greater in 2K1C Ex 3% rats than in 2K1C Ex 0% rats. In agreement with this suggestion, studies (6, 36, 37) have shown that high-intensity exercise training appears to be less effective in inducing cardiovascular benefits in SHR, because there is such a high sympathetic drive during high-intensity exercise that they never recover completely after each exercise session. Considering the data as a whole, these morphometric changes and the lack of improvement in the sensitivity of the reflex bradycardia in 2K1C Ex 3% rats may be triggered by the imbalance between the 2K1C Ex 3% training and complete recovery after each exercise session, which could lead to activation of the sympathetic system. Moreover, the evaluation of the correlation between reflex bradycardic and morphometric changes of the kidney (left renal vasculature wall thickness by lumen ratio and collagen deposition in the left kidney) showed a negative correlation (r = -0.8808 and r = -0.8255, www.bjournal.com.br Braz J Med Biol Res 44 (6) 2011 respectively). The present correlations are consistent with published data (8, 38) showing the important role of afferent signaling driven by baroreceptors to improve the beneficial effects of exercise training in reducing bradycardia and BP and normalizing the increased wall/lumen ratio of skeletal muscles and kidney arterioles in SHR. Cardiac hypertrophy occurs in response to various stimuli, such as pressure and volume overload. Exercise training is mainly related to a volume overload induced by cardiac eccentric hypertrophy, with predominant longitudinal myocyte growth (3). Although myocyte length was not determined in the present study, we were able to show changes in myocyte width. This is consistent with the eccentric hypertrophy induced by exercise training, which can lead to proportional growth of myocyte width and length (39) . A variety of hemodynamic mechanisms that may account for hypertensive vascular disease include coronary arteriolar compression by the hypertrophied and stiffer left ventricle, increased arteriolar wall thickness/lumen ratio, and increased left ventricle chamber diameters, reflecting not only myocyte hypertrophy but also collagen deposition (40) . The present data showed that Ex 0% prevented cardiac concentric hypertrophy, increased cardiomyocyte diameter, and decreased the cardiac vasculature wall thickness/lumen ratio in 2K1C rats. Together, all of these morphometric changes likely increase the efficiency of cardiac function, which could contribute to lowering the BP and HR of 2K1C Ex 0% animals. On the other hand, 2K1C Ex 3% rats showed a reduction of concentric remodeling, prevention of the increase in the cardiac vasculature wall thickness, decreased cardiomyocyte diameter, and also an increased number of myocardial cells and increased collagen deposition. Despite this increased collagen deposition, Ex 3% induced attenuation of baseline MAP and HR in 2K1C rats. In this respect, we believe that this increased collagen deposition observed in 2K1C rats subjected to exercise training with a load of 3% was not long enough to totally compromise cardiac function. Perhaps, with a longer Ex 3% training time (more than 5 weeks), the level of collagen deposition could increase and compromise cardiac function. Another consideration about the present study is related to the quantitative morphometric analysis performed. Future qualitative analyses involving types of collagen, inflammatory cell screening and others are necessary to elucidate the extent of tissue damage and the repercussions of such damage on cardiac and renal function.
The sedentary hypertensive 2K1C rats showed no alteration in the number of myocardial cells or in tissue collagen deposition, as also observed in 2K1C Ex 3% rats. Our explanation is based on the short period of renovascular hypertension (5 weeks after clipping of the renal artery). Moreover, during recovery, an additive effect between sympathetic activity and RAS hyperactivity in the 2K1C Ex 3% rats may have contributed to the changes observed in renal and cardiac remodeling in the animals subjected to this exercise workload.
Overall, the present study showed that Ex 0% or Ex 3% had beneficial effects on high BP and HR, as well as on cardiac dysfunction in 2K1C rats. Nevertheless, the data suggest that Ex 0% is better for improving the cardiac alterations observed in renovascular hypertensive rats, since Ex 3% did not change the relatively lower sensitivity of the reflex bradycardia or prevent the cardiac lesions induced by hypertension.
